A 74-year-old woman with past medical history of hypertension and hyperlipidemia developed transient left arm weakness and slurred speech. Computed tomography (CT) of the head was unremarkable, and the patient was referred for outpatient workup. Magnetic resonance imaging (MRI) a few days later showed numerous small diffusion positive lesions in the right middle cerebral artery distribution. Magnetic resonance angiography revealed bilateral carotid bulb stenosis (35% to 40% stenosis on the left and 50% stenosis on the right). CT angiogram (CTA) was ordered to clarify the percentage stenosis and need for intervention. In the meantime, her aspirin dose was increased from 81 to 325 mg. She was not on a statin. Five days after the MRI, the patient awoke complaining of pixilated vision. In the emergency room, a CT of the head showed a small subacute right parietal infarct. Immediately after CT, she developed a flaccid left hemiparesis (National Institutes of Health Stroke Scale score of 7). She was not given tPA (tissue-type plasminogen activator) because of her recent stroke and was transferred to a Comprehensive Stroke Center for possible endovascular intervention. On arrival at the Stroke Center, she had a National Institutes of Health Stroke Scale score of 15 with forced gaze deviation, left homonymous hemianopsia, left hemiparesis, dysarthria, left sensory loss, and neglect. Emergent MRI/magnetic resonance angiography of the brain showed a large right middle cerebral artery infarct and an occluded right internal carotid artery. There was no significant penumbra, and therefore, revascularization was not attempted. Her hospital course was complicated by cerebral edema, which was treated with hypertonic saline and aspiration pneumonia requiring prolonged intubation. She required a gastrostomy tube for feeding and was discharged to a skilled nursing facility with a National Institutes of Health Stroke Scale score of 12. At 3 months, she had a modified Rankin Scale score of 5. Stroke pathogenesis was thought to be secondary to probable plaque rupture in the right internal carotid artery with distal embolization to the right middle cerebral artery.
Discussion
Current guidelines for the management of carotid stenosis are based on the degree of vessel stenosis. The most recent guidelines issued from the American Stroke Association 1 recommend revascularization of carotid stenosis for patients with average to low surgical risk for symptomatic patients with stenosis of >70% as identified by noninvasive imaging and symptomatic patients with 69% to 50% stenosis as identified by catheter angiogram or noninvasive imaging with corroboration (magnetic resonance angiography or CTA) depending on patient-specific factors, such as age, sex, and comorbidities. These guidelines are based in large part on the 3 largest randomized trials, all of which were conducted in the 1990s ( Although clinical trials, and thus, clinical guidelines, have focused on degree stenosis, this does not necessarily correlate with stable and unstable plaques and may not adequately determine stroke risk as illustrated by our patient. Use of plaque morphology in medical decision making regarding carotid endarterectomy/carotid artery stenting is controversial. Improved plaque imaging allows better characterization of the plaque than was possible at the time of the original carotid endarterectomy trials and may provide additional insight to aid in clinical decision making.
What Is An Unstable Plaque?
An unstable plaque has a tendency to rupture, leading to thrombus formation and subsequent embolization leading to infarction. The gold standard for classifying atherosclerotic plaque is histological. 3 Six types of plaques are defined by their stage of development ( 
Assessing Plaque Vulnerability
A variety of noninvasive methods have been used to study plaques, including ultrasonography, MRI, CTA, transcranial Doppler, positron emission tomography/CT. Each method has unique strengths and weakness. Ultrasonography is a powerful technique that assesses the degree of plaque stenosis and plaque morphology. Its advantages include easy accessibility, low cost, and minimal radiation exposure. Two modes of ultrasonography are used in plaque assessment, brightness (B)-mode and contrast-enhanced ultrasonography. In B-mode, carotid intima-media thickness is determined and then graded by echogenicity. In B-mode ultrasound, the gray scale median score differentiates blood (gray scale median score 0) from adventitia (gray scale median score 190), and these criteria can be used to determine plaque heterogeneity. Low GSM scores correlate with high lipid content and hemorrhage within a necrotic core. 4 Heterogeneity of content is assessed using the criteria of Gray-Weale et al, 5 which describes 4 plaque types ranging from a predominantly echolucent thin cap to a predominantly echogenic plaque. Contrast-enhanced ultrasonography assesses carotid lumen, plaque ulceration, and neovascularization. A microbubble contrast agent is injected intravenously and stays within the vessel not diffusing into surrounding tissues, Thus, all signals from contrast-enhanced ultrasonography are intravascular. 6 Unfortunately, ultrasonography is highly operatordependent and time-consuming, and results can be inconsistent.
High-resolution contrast MRI characterizes carotid plaque morphology and measures components, such as intraplaque hemorrhage, lipid deposition, presence of a necrotic core, and calcification. Intraplaque hemorrhage is the most important marker of plaque instability and increased risk of ischemic stroke. There is a modified American Heart Association classification of atherosclerotic plaque by MRI 7 that incorporates measurements of plaque thickness, the presence of calcification, surface defects, hemorrhage, and thrombus. Multiple sequences are used to characterize plaque, including proton density-weighted fast spin echo, proton density-weighted echo planar imaging, and T2-weighted echo planar imaging, which can define lipid or necrotic core, as well CTA is less time-consuming and more widely available than high-resolution MRI. CTA can detect a calcified fibrous cap; however, it has limited ability to differentiate a lipid core from intraplaque hemorrhage unless the plaque is large. Newer multidetector CT and dual source CT use 2 x ray generators and detectors, significantly increasing the quality of CTA. Multidetector CT has a high resolution; however, beam hardening artifact caused by calcification limits the ability of dual source CT to differentiate between intraplaque hemorrhage and calcification. A disadvantage of CTA is increased radiation exposure relative to ultrasound and MRI. 8 Less commonly used methods of evaluating carotid plaque include transcranial Doppler, which can detect microemboli or high-intensity transient signals originating from an unstable plaque with overlying thrombus. Although it has a high specificity, it has low sensitivity and can be affected by multiple factors, including patient's body habitus, operator skill, and the duration of the study. F-fluorodeoxyglucose positron emission tomography/CT assesses metabolism within atheroma detecting microcalcification and inflammation, which have been found to correlate with microembolic signals on transcranial Doppler. 10 In summary, examination of plaque morphology may provide a more nuanced assessment of stroke risk and aid in determining if patients should undergo revascularization. However, the incorporation of this information into medical decision making has not been tested in clinical trials, and guidelines are lacking.
TAKE-HOME POINTS
• The risk of ischemic stroke is determined not only by the degree of vessel stenosis but also by plaque morphology.
• An unstable plaque has a tendency to rupture, leading to thrombus formation and subsequent embolization causing transient ischemic attack and stroke.
• Several imaging modalities can be used to characterize plaque morphology.
• Patients with unstable plaque may need more aggressive management, regardless of the degree of stenosis.
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